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Since the emergence of SARS-CoV-2 numerous antibody assays have become available, demonstrating different 
performance characteristics. This study focused on a quantitative correlation between different commercial 
assays and a neutralization test (NT). Comparative data is needed as a basis for the production of convalescent 
plasma and potential interpretations COVID-19 immunity. 

Sera of 100 SARS-CoV-2 convalescent plasma donors were collected and SARS-CoV-2 antibodies were 


characterized using three different IgG-ELISAs (EUROIMMUN IgG and NCP-IgG ELISA, Wantai ELISA), two CLIA 
(Elecsys, LIAISON) and two lateral flow tests (MEDsan IgM/IgG-Rapid-Test, Wantai Rapid Test) and subse- 
quently correlated to neutralization titers. The Wantai ELISA and the Elecsys provide the highest sensitivities in 
this sample (98 and 95 percent respectively). Titers with the best overall quantitative correlation to the NT titer 
were obtained with the Euroimmun IgG ELISA assay (Rho =0.759) and the Wantai ELISA assay (Rho = 0.729). 

An infection without fever and negative or weakly positive reactions in the Wantai Rapid test were negative 
predictive factors for NT titers > 1:200 (negative predictive value of 92 % and 92 % respectively, combination of 


both 100 %). 


The Wantai ELISA titer could be a suitable substitute for NT. An adequate pooling strategy of plasma units 
additionally could compensate deviations of individual antibody titers. 


1. Background 


Since the emergence of the SARS-CoV-2 virus in December 2019 [1] 
numerous antibody assays have become commercially available in a 
short period of time with further tests currently under development [2]. 
The performance characteristics and comparability of most of these 
tests are insufficiently described. Recent publications have addressed 
this problem and provided sensitivity and specificity data, with most of 
them focused on performance of patients during seroconversion [3-9]. 
However, there are still numerous unknown characteristics, correla- 
tions and performance of the available tests [10]. 

In recent months convalescent plasma has gained attention as a 
treatment option for COVID-19. [11,12] Currently it is being used in 
countries around the world with 102 live studies registered [13]. Hence 
there is a growing demand for high-titer plasma donations as an 
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neutralization test (NT) titer of at least 1:320 for therapeutic plasma is 
suggested [14]. 

NT, seen as gold standard for assessing specific immunity and a 
benchmark for other antibody assays, is a biological assay requiring 
individual tests in several laboratories with incubation times of 5-7 
days. This complexity and the need for increased biosafety level 3 
precautions makes it difficult for routine testing on a large scale 
[15,16]. 

However, it remains the only test which demonstrates the neu- 
tralization performance of antibodies instead of just indicating their 
presence. Until now, no readily available alternative has been identified 
as a substitute for the virus neutralization test titer. The approach of 
this study is to find an alternative assay that is simple and fast to per- 
form, delivers acceptable correlation to the NT and is commercially 
available. 


1386-6532/ © 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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Moreover, this paper examines factors that predict high or low titers 
in individuals which can be used as selection criteria for SARS-CoV 2 
convalescent plasma donors, and to increase the collection of units with 
sufficient NT titer without the need for advanced screening using NT. 

Therefore, a new approach was established in which immunoassays 
were performed using serial dilutions of the samples. Additionally the 
rapid tests (lateral flow) were rated optically by the strength of their 
reaction. 


2. Methods 


Sera of 100 convalescent plasma donors collected between 26 and 
61 days (median 47 days, standard deviation 6.6 days) after onset of 
COVID-19 symptoms were tested using NT, 3 ELISA assays, 2 CLIA and 
2 lateral flow tests. All donors have tested NAT (Nucleic Acid Test) 
positive for SARS-CoV-2 from nasopharyngeal or pharyngeal swab 
during initial diagnostics. 

The WHO progression scale [17] for COVID-19 was used and 
common symptoms [18] were noted. The donors were asked retro- 
spectively about fever, cough, loss of taste and smell, headache, fatigue, 
gastrointestinal symptoms, body aches and sore throat during the 
period of their infection. 

The Euroimmun SARS-CoV-2 IgG ELISA (Euroimmun, Lübeck, 
Germany) (EI IgG ELISA) which uses a recombinant protein of the S1 
domain (spike protein) as a target was performed on an Euroimmun 
Analyzer I at the Center for Virology, Medical University of Vienna. 
Results are expressed as a ratio, calculated by dividing the optical 
densities of the sample by those of an internal calibrator provided with 
the test kit. The cut-off for samples to be considered positive was = 1.1 
and borderline postive from 0.8 and 1.09 [19]. 

The Euroimmun SARS-CoV-2-NCP IgG ELISA (Euroimmun, Lübeck, 
Germany) (EI NCP ELISA) with a recombinant target antigen of the 
SARS-CoV-2 nucleocapsid was performed on the BEP III (Siemens 
Health Diagnostics GmbH, Eschborn, Germany) platform programmed 
according to manufacturer’s instructions. Results are given as ratios, 
calculated in the same way as the Euroimmun SARS-CoV-2 IgG ELISA 
with the same criteria for the interpretation of results [20]. 

Analysis using the Wantai SARS-CoV-2 Ab ELISA (Wantai Biological 
Pharmacy, Beijing, China) (Wantai ELISA) was carried out on the BEP 
III. The results are expressed as ratios of the cut-off. The cut-off is 
calculated as the mean of three negative controls (minimum 0.03) plus 
0.16. Results with a ratio greater than 1 are considered positive and 
there are no borderline or equivocal results for this test. Titers of 3 
samples had to be extrapolated due to a lack of material for further 
dilution above 1:320 [21]. 

All samples were tested in serial dilutions beginning at 1:2.5 for the 
Elecsys and the Wantai ELISA and 1:5 for the EI IgG ELISA. For the EI 
NCP ELISA, samples, as recommended in the package insert, should be 
diluted 1:101 for testing, however a dilution of 1:20 was chosen. The 
diluent used was in accordance with assay instructions (dilution buffer 
(EI ELISAs), PBS (Wantai ELISA) or Multi Assay Diluent (Elecsys)). The 
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titer was designated as the last dilution that yielding a positive or 
borderline result. 

For both Euroimmun SARS-CoV-2 IgG ELISA and Euroimmun SARS- 
CoV-2 NCP IgG ELISA (Euroimmun, Ltibeck, Germany) a dilution of 
1:101 is recommended. The ratios for this dilution were linearly in- 
terpolated based on the results obtained for 1:80 and 1:160. 

Roche Elecsys Anti-SARS-CoV-2 (Roche Diagnostics, Rotkreuz, 
Switzerland) (Elecsys) was performed on the Cobas e801. SARS-CoV-2 
nucleocapsid (N) antigen is used as a target and detected with an 
electrochemilumescence sandwich assay (ECLIA). Results are semi 
quantitative and are expressed as qualitative statements (reactive/non- 
reactive). A Cut-off-Index (COI) = 1 is considered reactive [22]. 

The LIAISON® SARS-CoV-2 S1/S2 IgG (DiaSorin S.p.A., Saluggia, 
Italy) (LIAISON) is a CLIA which detects antibodies reactive with the 
spike protein (S1/S2 domain). It was performed on the LIAISON® XL 
Analyzer at the Department for Blood Group Serology and Transfusion 
Medicine, Medical University Graz, according to the manufacturer’s 
instructions. The results are quantitative and given as arbitrary units 
per milliliter (AU/mL). [23] Values <12 AU/mL are considered nega- 
tive, between 12 and <14.9 AU/mL equivocal and values => 15 AU/mL 
are considered positive. 

The lateral flow tests MEDsan COVID-19 IgM/IgG Rapid Test (MPC 
International S.A., Luxemburg) (MEDsan Rapid Test) and Wantai SARS- 
CoV-2 Ab Rapid Test (Wantai Biological Pharmacy, Bejing, China) 
(Wantai Rapid Test) were carried out with plasma or serum in ac- 
cordance with manufacturer’s instructions. The lines were read after 
15 min and classified according to their strength, from 0 to 4+. 0 is 
negative and 4+ corresponds to an intensity equivalent to the control 
line. A picture card was used to standardize interpretation of the result. 
(Fig. 1) [24,25]. 

SARS-CoV-2 infectivity assay and testing for neutralizing antibodies 
was performed by Global Pathogen Safety Takeda. SARS-CoV-2 strain 
BetaCoV/Germany/BavPat1/2020 was kindly provided by the Charité 
Universitatsmedizin, Institute of Virology, Berlin, Germany; EVAg 
026V-03883. Vero cells (ATCC CCL-81), sourced from the ECACC 
(84,113,001) were cultured in TC-Vero medium supplemented with 5 % 
FCS, -glutamine (2 mM), nonessential amino acids (1x), sodium pyr- 
uvate (1 mM), Gentamycin sulfate (100 mg/mL) and sodium bicarbo- 
nate (7.5 %). For the determination of SARS-CoV-2 infectivity by 
Tissue-Culture-Infectious-Dose-50 % (TCID50) assay, eightfold re- 
plicates of serial half-log sample dilutions were incubated on cells in 
culture for 5-7 days before microscopic assessment of anycytopathic 
effects (CPE). Virus concentrations were calculated according to the 
Poisson distribution. 

For virus microneutralization assays, CP samples were serially 1:2 
diluted and incubated with 100 TCID50 of SARS-CoV-2. The samples 
were subsequently applied to Vero cells seeded in tissue culture mi- 
croplates and incubated for 5-7 days, when cells were evaluated for the 
presence of a CPE and the SARS-CoV-2 microneutralization titer 
(NT50), i.e. the correspondings ample dilution resulting in 50 % virus 
neutralization, was determined using the Spearman-Karber formula. 
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+ 
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Fig. 1. Picture card for Wantai Rapid Test rating. 
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Values >1:200 NTs were classified as high titer. 

The results of neutralization test and Euroimmun IgG ELISA 1:100 
Ratios of these samples were described earlier as Dispatch [26]. 

Statistical analysis was performed using SPSS Version 23. All metric 
data were tested for normal distribution using a Kolmogorov-Smirnov- 
Test at a level of significance of 0.05. All rations except those derived 
from Euroimmun SARS-CoV-2 NCP IgG ELISA lacked normal distribu- 
tion. Therefore all bivariate correlations were calculated using 
Spearman analysis and were assumed significant when p < 0.05. For 
determining negative (NPV) and positive predictive values (PPV), 
Crosstabs and a Chi-sqaure test were used. 


3. Results 


Sera of 100 voluntary donors (61 male, 39 female) aged between 18 
and 66 (median 47 years, standard deviation 12.7) were included. The 
NT ranged from 1: <7.7 to 1:1765.0 with mean titer of 1:231 and a 
standard deviation of 331.9. 

In total 93 individuals of this group experienced no or mild symp- 
toms classified as 1 or 2 according to WHO progression scale. Only 6 
donors had symptoms that classified them as WHO 3 - 6. 

Included donors stated that they experienced following symptoms in 
in descending order: 63 % fever, 48 % headache, 44 % body aches, 43 
% loss of taste and smell, 40 % cough, 31 % fatigue, 23 % gastro- 
intestinal symptoms, 29 % sore throat. Fever was more common 
amongst men with 73.8 % in comparison to women with 47.4 % (T-Test 
p < 0.05). 

A symptom that positively correlated with the titer of the neu- 
tralization test was fever (p < 0.01). The mean NTs titer was 1:305 in 
the group of 63 donors who experienced fever during COVID-19 and 
therefore significantly higher (p = 0.001) than in the group lacking 
fever with a mean NT titer of 1: 107. The negative predictive value was 
91.7 % for donors who did not experience a fever to also have an NT 
titer below 1:200. 

The WHO progression scale correlated with the NT titer as well, but 
slightly weaker than the symptom fever (p = 0.304). 

The neutralization test showed a sensitivity of 99.00 %. In com- 
parison the sensitivity for the ELISAs was 98.00 % (Wantai ELISA), 
92.86 % (Euroimmun IgG ELISA) and 88.89 % (Euroimmun NCP 
ELISA). The Elecsys detected 94.95 % and the LIAISON only 84.00 % of 
the positive samples correctly. The rapid tests demonstrated sensitiv- 
ities of 88.78 % (Wantai Rapid Test) and 92.93 % (MEDsan Rapid Test). 
(Table 1) specificity was not tested. 

The numeric values of the tests were analyzed in order to identify 
correlations with the NT titer values. The strongest correlations were 
seen in LIAISON, interpolated values of the dilution 1:100 of the 
Euroimmun IgG ELISA, the Euroimmun NCP ELISA and Elecsys with 
0.758, 0.750, 0.665 and 0.391 (p < 0.001), respectively. 

Further, the titer values of the ELISAs, the Elecsys and the NT titer 
were compared using Spearman’s rank correlation coefficient. All tests 
correlated significantly (p < 0.001) with one another. Overall the 
highest correlation was observed between the Euroimmun IgG titer and 
the NT titer with a correlation coefficient (p) of 0.759. s followed by the 
Wantai ELISA titer (0.728) and third the Euroimmun NCP ELISA 
(p = 0.680). The Elecsys titer had the weakest, however still significant, 
correlation with the NT titer (p = 0.457). (Fig. 2) 

To confirm the calculated correlation, samples were sorted into 
groups depending on the results of Wantai, Euroimmun IgG and 
Diasorin Anti-SARS-CoV-2 assays. High titers were defined as => 1:80 
for Wantai and = 1:640 for Euroimmun titers. For LIAISON test values 
> 30 AU/mL were defined as high. (Table 2) Comparing NT titers with 
the two groups showed that the low groups contained mostly donors 
with NT titers below 1:200. In the high value groups the distribution of 
the NT titers was wider, including very low values as well as very high 
ones. The Wantai high group was the only one with a median NT titer 
above 1:200 (1:202.35) and a high interquartile range including most of 
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the high NT titer results (IQR 479.4). Negative predictive values for 
excluding donors with low NT titers by sorting into groups were above 
94 %. However, PPV for inclusion of NT high donors were around 50 % 
due to the wide distributions inside the respective groups. (Table 2) 

Interestingly the line intensity of the lateral flow tests correlated 
significantly with the NT titers and with one another. The correlation 
coefficient was 0.588 for the Wantai Rapid Test and 0.521 for the 
MEDsan Rapid Test IgG line (p > 0.001) with the NT titer. 

Wantai SARS-CoV-2 Ab Rapid Test with reactions of 2+ or weaker 
had a NPV of 92.2 % for a NT titer below 200 (p < 0.001). Only 4 
samples with NT titers between 1:202 and 1:235 would have been 
missed with this strategy. The PPV of reactions > 2+ was 86.2 %. If 
there was no fever in the patient’s history and the Wantai Rapid Test 
reacted <3+ there was a NPV of 100 % for NT titers <1:200. 

The 48 samples that reacted strongly positive (3+ or 4+) with the 
Wantai Rapid test had a mean titer of 1:394 (Fig. 3). In contrast, the 
mean NT titer in the group of 51 with reaction < 2+ was 1:82. 

Negative or weak positive reactions (<3+) of the MEDsan lateral 
flow test IgG line had a NPV of 86.8 % for NT titers below 200 
(p < 0.05). The IgM line was rather weak (10 samples reacted 3+ or 
4+) for most of the samples and therefore not useful for a selection of 
donors. Strong positive reactions in the IgM line did not correlate with 
days post infection. 


4. Discussion 


The main applications of antibody diagnostics in COVID-19 are 
detecting recent infections and determining antibody prevalence, im- 
munity to reinfection and eligibility for the donation of convalescent 
plasma. 

This study focused primarily on the characteristics of the IgG- 
dominated immune response 26-61 days after onset of COVID-19. 

From an epidemiological perspective, high sensitivity of the assay in 
combination with robust specificity is desirable. Here the Wantai and 
Roche Elecsys assays showed the highest sensitivity (98 % and 95 % 
respectively) in the current sample, and were superior to the two rapid 
tests under investigation. 

The European commission has recommended an NT titer target of 
1:320 or more for COVID-19 convalescent plasma. NT is too complex 
and time consuming for standard routine application. It has been 
shown, that the Euroimmun IgG-ELISA titer (p = 0.759), the LIAISON 
AU/mL (p = 0.758) and the Wantai titer (pọ = 0.727) correlated well 
with the NT titer. 

Low titers in the evaluated assays had a high NPV for an NT titer 
<1:200. Wantai ELISA titer <1:80, Euroimmun IgG titers <1:640 or 
Diasorin Anti-SARS-CoV-2 values <30 AU/mL can aid in the selection 
of suitable donors. All three tests were able to exclude low NT titer 
products with a high likelihood (NPV of low results: 94.2 %, 95.1 % and 
97.3 %). In identifying donors with high NT titers (> 1:200) the Wantai 
was demonstrated to be the most effective with the highest PPV (54.2 % 
vs. 45.6 % and 44.4 %), a high median NT titer and a wide range with 
few outliers when looking at donors with titers from 1:80 upwards. 
Therefore, the Wantai assay is a very promising candidate, which is 
readily available and easy to execute substitute for neutralization 
testing under routine conditions. 

Because of high variations in individual donations an adequate 
pooling strategy should be implemented to ensure a consistent quality 
of convalescent plasma products. 

Further, two factors predicted low neutralization titers (<1:200) 
with a high NPV: Donors lacking fever during COVID-19 and a negative 
or weak positive (<3+) Wantai Rapid Test. This could be an option to 
exclude low titer donors without extensive testing. The reverse con- 
clusion is that convalescent plasma donors with a history of fever and a 
strong positive reaction in a rapid test are more likely to have higher 
SARS-CoV-2 NT titers. 
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Table 1 
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Test sensitivities. Borderline or equivocal results (ID) were counted as positive. *samples with NT titer <1:37. 


NT Wantai ELISA EI IgG ELISA EI NCP ELISA Elecsys LIAISON Wantai Rapid T. MEDsan Rapid T. 
Positive (N) 99 98 91 (2 ID) 88 (1 ID) 94 84 (5 ID) 87 92 
Negative (N) 1 2* 7* 11 5* 12 11 7 
Missing (N) 2 1 1 1 1 
Sensitivity (%) 99.00 98.00 92.86 88.89 94.95 84.00 88.78 92.93 
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Fig. 2. Dotblots of quantitative results of Euroimmun IgG and NCP ELISA titer, Wantai ELISA titer and LIAISON against NT titer. 


Table 2 
Negative and positive predictive values of low and high Euroimmun IgG titer, 
Wantai ELISA titer and LIAISON. 


Test Group N Median NT IQR NPV (NT PPV (NT 
titer 1:X titer < titer = 
1:200) 1:200) 
Euroimmun low 41 49.6 47.6 95.1 - 
ELISA IgG high 57 155.4 291.5 - 45.6 
titer 
Wantai ELISA low 52 64.95 74.6 94.2 - 
titer high 46 202.35 479.4 - 54.2 
Diasorin AU/mL low 37 41.9 65.4 97.3 - 
high 63 148.4 250.1 - 44.4 
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Fig. 3. Boxplot Wantai Rapid Test and NT titer. 
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